It is now undeniable that the laboratory testing is vital for the diagnosis, prognostication, and therapeutic monitoring of human disease.
Objectives:
The purpose of our study was to investigate whether the storage time and temperature of internal quality control (IQC) material influence the result of ACTH in IQC measurements.
Design and methods:
Five levels of IQC materials from two manufacturers were tested through the precision of ACTH, the three freeze/thaw cycles, and the storage time and temperature to evaluate the stability of IQC material. All commercial control materials were simultaneously tested three times a day for five consecutive days.
Results: Total precision of three levels of Bio-Rad IQC sera was 13.93%, 16.45%, and 15.98%, respectively, but repeatability was <2%. The concentration of ACTH decreased by 30%-50% after 3 freeze/thaw cycles. At room temperature, the concentration of ACTH from 3 levels decreased by 16.60%, 17.98%, and 17.20%, respectively, after 0.5 hours, and 70.54%, 74.36%, and 72.03%, respectively, after 4 hours.
However, after 2 hours of storage at 4°C, the decline in the measured ACTH IQC was 8.04%, 11.84%, and 10.11%, respectively. Total precision of Roche IQC was 1.17% and 1.08%, respectively. After 3 freeze/thaw cycles, the concentration of ACTH decreased <5%. After 4 hours, the change of ACTH still steadied within 5% both at the room temperature and at 4°C.
Conclusion: Roche is a better choice for ACTH of IQC material in Elecsys
® immunoassay system in our study. If Bio-Rad control materials be used in Elecsys ® immunoassay system for ACTH IQC testing material, it should be stored at 4°C and testing should be completed within 1 hours.
K E Y W O R D S
adrenocorticotropin, internal quality control Meanwhile, as we know, ACTH concentration is interfered by store time and temperature of plasma samples of the patients. 4 These facts prompted us to investigate whether the storage time and temperature of IQC material influence the result of ACTH in IQC measurements.
| ME THODS

| Experimental design
Five levels of IQC materials from two manufacturers were tested through the precision of ACTH, the three freeze/thaw cycles, and the storage time and temperature to evaluate the stability of IQC material. All commercial control materials were simultaneously tested three times a day for five consecutive days and whose aliquots were frozen and thawed three times. The lyophilized IQC is dissolved in accordance with the requirements of instruction for use from the manufacturer. ACTH was then measured either immediately or after 0.5-hour, 1-hour, 2-hour and 4-hour storage at 4°C or room temperature. 
| Analytical methods
Germany) with electrochemiluminescence (ECL) technology in accordance with standard operating procedures (SOPs).
| Statistical analysis
Relative change was calculated according to the formula: %change = [(ACTH IQC result − ACTH reference IQC result)/ACTH reference IQC result] × 100, where ACTH reference IQC result was obtained without time delay after reconstitution of lyophilized control materials. A change of >10% from reference level was taken as evidence of significant interference. 5 The precision of the method was determined using two different approaches, within-run and total precision. The precision was calculated as the coefficient of variation (CV) of repeated measurements. Within-run precision was calculated by running three replicates of each level of IQC materials.
Total precision was calculated according to CLSI protocol (EP15-A2), which suggests two levels, run 3 times per run for 5 days (15 replicates in all). 6 
| RE SULT
Total precision of three levels of Bio-Rad IQC sera was 13.93%, 16.45%, and 15.98%, respectively, but repeatability was <2%
F I G U R E 1 Effect of freeze/thaw cycles on two internal quality control (IQC) sera A, Time of storage conditions and temperature effect on ACTH assay of BIO-RAD IQC sera B, and of Roche C, at +4°C and room temperature ( Table 1 ). The concentration of ACTH decreased by 30%-50% after 3 freeze/thaw cycles ( Figure 1A ). The concentration of ACTH from 3 levels of the one IQC decreased by 16.60%, 17.98%, and17.20%, respectively, after 0.5 hours at room temperature. After 4 hours at room temperature, it had decreased by 70.54%, 74.36%, and 72.03%, respectively. However, after 2 hours of storage at 4°C, the decline in the measured ACTH IQC was 8.04%, 11.84%, and 10.11%, respectively ( Figure 1B ).
Total precision of Roche IQC was 1.17% and 1.08%, respectively (Table 1) . After 3 freeze/thaw cycles, the concentration of ACTH decreased <5% ( Figure 1A) . After 4 hours, the change of ACTH still steadied within 5% both at the room temperature and at 4°C
( Figure 1C ).
| D ISCUSS I ON
First, we tested the precision of ACTH test using three levels of Bio-Rad IQC. Performance for total precision was verified over five consecutive days using three levels of Bio-Rad IQC in triplicate,
following the Clinical and Laboratory Standards Institute (CLSI)
Evaluation Protocol 15 (EP15-A2) reference. 6 The lyophilized IQC is dissolved in accordance with the requirements of instruction for use from the manufacturer and simultaneously tested three times a day for five consecutive days. Total precision of three levels of BioRad IQC sera was 13.93%, 16.45%, and 15.98%, respectively, but repeatability was <2%. These results suggested that ACTH in IQC sera from Bio-Rad could probably be unstable. At the same time, two levels of IQC from Roche were tested. Total precision of Roche IQC was 1.17% and 1.08%, respectively. Samples of the all reconstituted commercial internal quality control materials were stored in a refrigerator and thus went through freeze/thaw cycles. To evaluate the effects of freeze/thaw cycles, we tested ACTH with all commercial control materials whose aliquots were frozen and thawed three times. The concentration of ACTH in Bio-Rad IQC decreased by 30%-50% after 3 freeze/thaw cycles.
Second, we did experiments about the impact of store time and temperature of IQC material on ACTH results. The lyophilized IQC was dissolved in accordance with the requirements of instruction for use from manufacturer and was divided into two aliquots. One was put in room temperature, and the other was stored in a refrigerator
at 4°C. They were tested after 0.5, 1, 2, and 4 hours of reconstitution, respectively.
Our results showed the concentration of ACTH from 3 levels cannot be freeze/thaw cycles.
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